There is an increasing awareness of the significance of Chinese building energy consumption (BEC). However, something worth discussing is that estimate the building energy consumption adopting the definition of life cycle or operation. In the existing studies with various evaluation methods, the issue about the amount of energy consumed by China buildings has not been understood. In order to settle the disputes over the calculation of BEC, this paper establish an appropriate accounting method of building energy to present BEC situation in China and lay the foundation for building energy efficiency. Adopting the conception of building operational energy consumption, we find that the energy consumption of buildings just accounts for 15% − 16% of the final total energy consumption in China; by contrast, the previous calculations usually have double accounting through top-down approach if central heat-supply of buildings was given into additional consideration.
Introduction
As one of the biggest countries of energy consumption, China catches global eyes and its energy use condition has been regarded as a crucial problem of the energy security. The International Energy Outlook 2016 (IEO2016) 1 shows rising levels of energy demand over the next three decades, especially led by strong increases in Asian countries outside of the Organization for Economic Cooperation and Development (OECD) . Moreover, the outlook predicts that non-OECD Asia, including China and India, account for more than half of the world¡¯s total increase in energy consumption over the 2012 to 2040 projection period. For the past several decades, There has been consistent growth in total primary energy consumption throughout the 226 countries and regions. At the same time, the primary energy consumption of China is not only increasing, but its proportion of the total primary energy consumption has tripled, jumped to 18.94 per cent from 6.30 per cent(see Fig.1 ) 2 . Thus more and more attentions as well as concerns are taken to energy consumption situation in China, which is a matter of world energy demand. Lombard et al.(2008) hold the idea that the energy consumption from building fall between 20% and 40% in developed countries, which far exceeds the ratios of the energy consumed in the industrial and transportation sectors. Building energy consumption in China, the largest developing country in the world, can be featured by super high absolute demand. It is equivalent to the total energy consumption in the Middle East, is twice the consumption level in Africa, and even the sum of consumption of Japan and South Korea (Lin, 2015) . It follows that building energy consumption of China has impact not only domestically but also internationally. million metric tons of coal(Mtce), and keeps increasing dramatically (see Fig.2 ). As the rapid urbanization, together with the boom of construction industry, billions of square meters of housing were completed year by year from 2000 to 2014 ( Fig.2) . Besides, the living standard of the people improved lead to a increase in the amount of household appliances. In a word, the percentage of building energy consumption with respect to the total national energy consumption may rise higher for the urbanization and the request to living quality.
For guaranteeing energy security and tackling climate problem caused by energy consumption, building energy is an issue worthy of attention. From September 22nd to 25th, in 2015, Chinese president Xi, during his state visit to the United States, emphasized on promoting the construction of the China-U.S. Energy Efficiency Fund project, which is aimed at investment in China's building energy effi- ciency projects 3 . Although building energy consumption has caused the widespread concern of government and nation, the actualities of building energy consumption still remain to be clarified. Through analyzing the building energy consumption situation in China, one of the most critical problem to be solved is that the amount of energy has been exactly consumed by China building. There is sharp differences in the statistics of building energy consumption among previous researches. It was once a relatively broad acceptance that the building energy consumption accounted for 27.4% of total energy consumption, but Yang, Wei and Jiang(2007) find out that in that calculation energy consumption of construction industry is regarded as building 3 Chinese, U.S. companies launch fund to promote energy efficient buildings. News, Global Edition. (2015) . Available from: http://news.xinhuanet.com/english/2015-09/17/c_134633961. htm energy consumption, and there still exist vague between the concept of intermediate and final energy consumption. As the table.1 show, there's a wide variety in the ratio of building energy consumption depending on different definition, approach and calculation items. By comparison, the gap of amount of building energy firstly comes from the distinct definitions. Secondly, the modeling methods can fall into two categories, the top-down and the down-top approaches, in existed studies on estimating building energy consumption. Then the disunity accounting calibers, that items are calculated in appropriate model, also lead to the diversity of results. In final, due to the limit of existed statistical system, it is difficult to pick up a certain amount of energy use that should belong to building, or to deduct a certain amount of energy that consumed by other industries. Thus a more immediate problem is that establishing a appropriate method definitely reveals the actualities of building energy consumption as much as possible.
The deviation in calculation and definition of building energy consumption would directly influence the understanding of the energy situation in China. So a statistical method, that applying to top-down approach primarily explores the interaction between the energy sector and macro economy, need to be established. Meanwhile, the method can eliminate mixed consumption from other sectors, so that its results can provide sufficient data and countermeasures for building energy efficiency work in China. This paper adopts the definition of building operation energy to clearly evaluate the benefits of policies. The building life-cycle assessment mixes energy use of construction, materials, and operation together so that it is hard to make targeted measures for energy saving.
Given the importance of the building energy and the divergent results on the amount of building energy consumption in the existed literature, the findings of the current study are excepted to enrich this pool of unifying accounting method surrounding building energy consumption and to give the energy consumption of buildings close to the fact. This study proposes that there exists double counting among previous studies, and that the extra energy consumption is combined into building energy consumption owing to the life-cycle perspective. The objective of this study is to develop a statistical method of energy only consumed by building running. In particular, even if the method underestimates the amount of building operating energy, the part of the ambiguity is eliminated.
To achieve these objectives, the model tailored to calculate China's building energy consumption on a macroscopic view is established, from which a clear idea about current situation of energy consumption related to buildings in China is got.
The following section (Section 2) compares the two definitions of building energy consumption and section 3 establishes a proper model estimating building operational energy consumption. The rest of the paper is arranged as follows. The energy consumption situations of buildings in China during 2000 -2013 is revealed by employed the given model in section 4, around the results above, characteristics of building energy consumption of China and the reasonableness of the established model are further discussed and analysis in Section 5. Finally, the central conclusions are shown in the last part, Section 6.
The analysis of concept of building energy consumption 2.1 The definition of building energy consumption
There are two kinds of definition of building energy consumption in the existed researches. The one is the operating energy which is expended in maintaining indoor environment and performing building's equipment such as heating and cooling, air conditioning, lighting, household appliances, office equipment, hot water supply, cooking, elevator, ventilation, and other operating appliances. The another one is life cycle energy of buildings. The total life cycle energy of buildings include both embodied energy and operating energy . The embodied energy refers to be sequestered in building materials during all processes of production, on-site construction, and final demolition and disposal (Dixit, 2010) . It means that all energy is used in buildings' life cycle, such as energy used in the production of construction materials, buildings construction, buildings operational phase and buildings demolition.
The distinction between operating energy and life cycle energy
The operational energy is consumed by all activities related to the usage of the buildings. The operating energy consumption is influenced by the using habits of the occupants and the efficiency of equipment in the buildings. while the embodied energy is expended in the initial construction, maintenance, renovation and demolition. The embodied energy consumption depends on reducing material use, selection of materials with a lower embodied carbon and energy intensity (Ibn-Mohammed, 2013) . The embodied energy is buried in the entire process of buildings' utilization. The embodied energy can be saved by improving production and technology, reducing energy intensity and so on. At present, the embodied energy has caused more and more concerns and the definition of life cycle energy is applied to the analysis of building energy consumption. However, operating energy and embodied energy are all covered by the life cycle energy, so that the life-cycle building energy consumption conceals the energy-saving effect of efficient equipment and appliances. Meanwhile, the policy efficiency of energy conservation aiming at operating stage is obscured by embodied energy. In addition, the current emphasis shifting to embodied energy attracts attention on industrial technology improvement, it ignores the potential for curbing operating energy. So it is difficult to distinguish the policy efficiency of either operational energy conservation or embodied energy conservation by the statistical method of life-cycle building energy consumption. In order to a clear and integrated image of building energy consumption for policymakers, building operational energy consumption is adopt to establishes the statistical method in this study.
3 The statistical method of the building operational energy consumption
The type of building
In China, the buildings can be classified as the industrial buildings and the civil buildings, and the civil buildings are divided into the residential buildings and the public buildings. The public buildings include the office buildings, commercial buildings (shopping malls, emporiums), tourism buildings (hotels, entertainment), buildings of science and education, cultural and health, communication buildings (telecommunications, communications, broadcasting station) and transportation buildings (airport, station construction)(table.2).
According to the definition of operating energy consumption and the classification of national economic industries, we can find that four industries in the Energy Balance Sheet of China are involved in the energy consumption of the civil build- When the data of energy consumption was collected, because of the system of energy statistics, the energy consumption which includes the building energy use is all submitted by business enterprises and units. The building energy consumption is mixed together into the energy consumption of various industries. If using the existing macro-statistics, the building energy consumption need to be decoupled from industries of Energy Balance Sheet.
Across all industries of the Energy Balance Sheet, it is disputed that whether calculate the energy consumption of industrial buildings as building energy. On one hand, from the perspective of building operation, comparing to the energy use of industrial production, the amount of industrial building operating energy is small to find. On the other hand, accounting the building energy use is aimed to lay the foundation for the pursuit of effective energy-saving potentials. The industrial buildings have the main purpose that is the production, the enormous amount of energy consumption in the industrial buildings is out of the control of building energy efficiency. the energy consumption of industrial buildings should not include the energy use engaged in industrial production. Besides, from the view of definition, it is accepted that the building energy consumption is the energy consumption of the civil building in the process of use by international practice (Wang, 2007) . Therefore the energy use of the industrial buildings is not on our list in this paper.
The civil buildings are categorized into the residential buildings and the public buildings. The energy, used in the residential buildings, is consumed by temperature adjustment, lighting, cooking, household appliances inside the buildings, etc. Rural residential building and urban residential building have different ways of energy consumption. Moreover, the most of living fuel in the residential building of China rural area usually depends on non-commercial energy resources such as straw, firewood, etc. The energy use of public buildings is scattered in various sectors. Besides, concentration heat-supply of the buildings is usually taken into consideration in previous studies for its vast energy consumption. However, in this paper, the energy consumption of central heating is not extra added to the energy consumption of buildings, because if adopting the Energy Balance of China, the central heating has been included. Then non-commercial energy resources in rural areas are also considered. With the combination of the system of energy statistics and the existing data resources, the model of residential buildings energy consumption can be expressed as
where NBE refers to national total energy consumption in the building operation process; RE represents energy used in the residential buildings; PE refers to energy consumption of the public buildings; NCE indicates the non-commercial energy resources consumed in the rural areas.
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Residential building energy
The residential buildings can provide a place for people's living, involving villa, dormitory, apartment, etc. The residential consumption denotes that in the daily life, consumption is to meet the needs of residents own and their family members. So the consumption in the residential buildings, such as cooking, heating, is also the part of residential consumption. In terms of Energy Balance Sheet, the residential buildings energy is mainly distributed in residential consumption sector. Considering the accessibility of data information and previous studies, energy consumption of residential buildings can be calculated by the following formula:
where RE represents energy consumed in the residential buildings; RC refers to final energy of residential consumption, that is from China's Energy Balance Table; GRC denotes that gasoline is used in the residential consumption; DRC indicates the diesel oil consumed in residential daily life. Wang(2007) stated that the oil of private automobiles was accounted for the main consumption of petroleum products in residents' life, so all of gasoline and ninety-five percent of diesel oil are used by transportation in the residential consumption. In this paper, access to net building energy consumption, we completely remove the oil product for use in transportation by the following equation:
On the grounds of formula Eq.3, Fig.3 presents the energy consumption of residential buildings with traffic energy fully deducted for the period of 2000 -2013.
Obviously, the upward trend of energy consumption in residential buildings is continuing during 2000 to 2013, that is partly in association with the rapid urbanization and improvement of living quality. In addition, the energy consumed in the residential buildings of rural area in China increases rapidly, that is because commercial energy resource is popularized in the countryside.
Public building energy
In light of the fact that the public buildings exist in all fields, by National Economical Industry Classification, we collect the energy,used in the public buildings, from Transport, Storage and Post, Wholesale, Retail Trade and Hotel, Restaurants, and others of energy balance sheet.
Transport, Storage and Post industry
In the traditional method of accounting, electric power consumption of Transport, Storage and Post industry ( Table.4 ) was deemed to make contribution to the energy use of public buildings. However, With the increasing application of high-speed EMU (Electric Multiple Units), the electricity consumption of EMU contributes the most part in electric power consumption of Transport, Storage and Post industry.
For the case of lack of data, we calculate the energy, consumed by public building of Transport, Storage and Post industry, by including the electricity consumption or not.
Wholesale, Retail Trade, Hotel, Restaurants, and others industry
Similarly, it is necessary to exclude both gasoline and diesel oil from the energy use of Wholesale, Retail Trade, Hotel, Restaurants, and others industries. Then, the remaining energy consumption is considered as the operation energy of the public buildings in the above several industries. The previous studies (Wang, 2007) have shown that 95% of gasoline, 35% of diesel oil in services industry is used in transportation. But the estimation was still subject to be verified. For guarantee ! " # # Table. 5.
Total public buildings energy
The total energy consumption of public buildings in China can be obtained by adding up the values of energy consumption in preceding two parts. If only calculating energy consumption of Wholesale, Retail Trade, Hotel, Restaurants and others industry, the public building energy would be underestimated. For purposes of comparison, the different results are shown in Fig.4 .
Non-commercial energy
In general, commercial energy refers that national energy products whose the whole or most enters into the commodity market for transactions, such as fossil fuels(coal, oil and natural gas), nuclear energy, and hydropower. While the energy products, self-produced, self-collected, self-consumed, is non-commercial energy such as fuel wood, straws and methane. Because Energy Balance of China does not include non-commercial energy, this paper, exclusively or additionally, collect the non-commercial energy consumption in the rural area of China. The components proportion of non-commercial energy consumption in rural buildings is considerable in view of Table. 6.
Total uilding energy
The building energy consumption, consumed in the running process, can be deter- The final energy consumption refers to the last part of energy consumption or energy obtained by the entrance of terminal energy equipment. According to China's statistics system, the energy consumption of various industries is collected from the final energy used by all sectors in Energy Balance of China. However, the energy statistics of Energy Balance Sheet just list commercial energy. The final energy including non-commercial energy of rural area is shown in Fig.6 . Obviously, the non-commercial energy consumption is decreasing with popularization of commercial energy and cost improvement of access to non-commercial energy, so that the proportion of building energy energy to final energy including non-commercial experiences a declining trend. To explore the interaction between energy consumption and economy, the top-down approach is applied. The definition of building operating energy is benefit to investigate energy-saving behaviors and habits. In fact, the net building consumption accounts for merely 15-16 per cent with respect to the final energy consumption in China. Overall, the total amount of building energy makes foundation of building energy conservation. It is significantly important to pay more attention to know the building sector¡¯s energy situation and , based on that, to achieve the target of energy saving and emission reduction and ensure energy security of China. 
Energy consumption of central heating in buildings
In terms of energy composition, coal, petroleum products, natural gas, liquefied natural gas, heat, electricity and other energy would be captured in the Energy Balance of China. As the heat has already been included in the final energy, it is unnecessary that the energy consumption associated with central-heating is counted in the building energy consumption. Take China's Energy Balance Sheet (2013) for example shown in Table. 7. From the table, the energy supplied by heatsupply enterprise has been added in the final energy, moreover we can find out that the most heating supply is used by Industry. Therefore, applying top-down approach, the energy consumption of central heating calculated again results in excessive amount of building energy which doesn't accord with the truth. between energy saving and welfare of the residents remains further study.
The environmental effects of building energy
Buildings are major consumers of energy. Only the energy consumption of residential building sector ranked second after the industry sector (Chen, 2008) . The environmental effects of energy consumption from 15 per cent or 45 per cent of the final energy lie between two extremes. By improving building energy efficiency, the European Community research has found that carbon emissions from buildings would be reduced by 22 per cent 6 . Promoting building energy efficiency will help achieving goals for reducing carbon emissions as well as improve the energy performance of new and existing buildings. The overvalued building energy will mislead the judgement of its Carbon and even pollution emission. So that the environmental problems associated with building energy consumption is widely misunderstood. 
Conclusion
The huge energy consumption of China challenges its energy security and sustainable development along with increasing desire for indoor comfort. Meanwhile in order to perform the duties of reducing emission, building energy efficiency is expected to play a significant role in addressing energy problems in China. However, the blurry data about buildings energy consumption brings blindness to the national building energy conservation policy. Therefore, data verification of building energy consumption becomes extremely urgent. In this paper, it is more clear that building energy can be calculated by the definition of operating energy. what's more, it's easier to assess the environmental effects of the net building energy consumption. Without redundance, the building energy is to provide useful information with policymakers.
A model of building energy is established in this paper to response the contro-versy and disputes to the exact amount of building energy consumption. To ensure energy security and sustainable development, building energy consumption is expected to become a target of energy conservation. Therefore this study has been presented to determine the net energy consumption in buildings from building operating perspective. By the comprehensive analysis carried out above. we obtain the following conclusions:
1. China¡¯s building energy consumption without redundance only accounts for 15-16 per cent of the final energy, rather than about 45 per cent, that is caused by including the energy use of material production, construction and so on. The life cycle building energy is not benefit to the policy targeted at conservation in a stage of building life cycle.
2. Consideration of the policy relevance, the blurry data is eliminated as much as possible. Specially, the central heat-supply of buildings that was repeated accounted in prior studies is deducted.
3. The residential building energy consumption dominate the use of building energy in China, the major conservation is improving the habit of energy usage.
The percentage of public building energy consumption to building energy is also increasing. while the non-commercial energy consumption reduce obviously.
Above all, the building energy consumption is underestimated, but under the condition that redundance and imprecise part are deducted, all that remained is consumed by building. Meanwhile, more efficient amount of building energy consumption is collected and shared, with regard to lay the foundation for energysaving in China.
